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ABSTRACT 
Graphomotoric Coding (GMC) involves encoding of proprioceptive 
feedback during writing, analysis of the temporal and spatial sequences of strokes 
and construction of the configurational relations among component parts of the 
written characters. The present study seeks to (i) determine the ability of normal 
right-handed writers to recognize Chinese characters using GMC exclusively; (ii) 
reveal whether they show a right-hand preference in GMC; and (iii) elucidate the 
influence of the proposed mirror-reversal hypotheses on left hand coding. The 
results reveal that sole kinaesthesia allowed one to recognize an average of ten 
out of twenty Chinese characters taught between four and six. No hand preference 
in coding was found and three plausible causes are discussed. Mirror-reversed 
characters were recognized more poorly than normal ones and none of the 
proposed mirror-reversal hypotheses significantly influence the character 
recognition ability in normal right-handed writers. The application of GMC to 
langauge rehabilitation for alexic and aphasic patients is suggested and discussed. 
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WHAT IS GRAPHOMOTORIC CODING (GMQ? 
Graphomotoric Coding (GMC) scheme was first proposed for reading 
Kanji (borrowed Chinese characters) by Mann (1984). GMC involves (i) 
encoding of proprioceptive feedback during writing; (ii) analysis of the temporal 
and spatial sequences of strokes; and (iii) construction of the configurational 
relations among component parts of the written characters. It was suggested that 
graphomotoric codes are compatible with the components of the motor writing 
schema proposed by Thomassen and Teulings (1983). Mann's proposal was 
consistent with the observations that finger-tracing the strokes of a character 
spontaneously (Lyman et al, 1938; Sasanuma, 1980) or under experimental 
request (Tzeng et al, 1986) can enhance alexic patients' reading. 
Cordo (1988) considered the contribution of kinaesthetic input in 
controlling movement and Morikiyo and Matsushima (1990) saw writing as one 
such activity. Mount (1987) stated that visual and kinaesthetic input were equally 
effective in learning motor skills. Owing to the important role of kinaesthetic 
information in writing, it may contribute to memory for written Chinese. That is, 
the memory may encode both visual and kinaesthetic information (Hoosain, 
1991). Finger-tracing provides the corresponding kinaesthetic information for the 
traced characters and so, could assist development of lexical memory (Tanaka, et 
al, 1990). 
Not only brain damaged patients finger-trace spontaneously. Many people, 
including brain damage patients, finger-write on their palm or in the air when a 
character is at the tip of the tongue. 
Hasuike et al (1986) and Wu (1986) suggested that beginning Chinese 
readers spend much more time to read than do people beginning to read an 
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alphabetic orthography. The complexity and number of Chinese characters may 
force people to use various mnemonics like GMC. As a result, a more prominent 
role for a GMC scheme may be expected with character orthographies, such as 
Chinese and Kanji than with alphabetic languages. 
HOW IMPORTANT IS KINAESTHETIC INFORMATION ? 
The proposed GMC scheme emphasizes the role of kinaesthetic 
information. Kinaesthetic information was seldom analyzed separately from 
visual information in earlier studies concerning finger-tracing. Mount (1987) 
summarized the research on learning motor tasks and found that when both visual 
and kinaesthetic information are available, visual information would dominate. In 
addition, during finger tracing, the subjects would concentrate more on their task 
(Reid and Hresko, 1981). Accordingly, it was possible that the alexic patients in 
Lyman et al (1938), Sasanuma (1980) and Tzeng et al (1986) recognized 
characters better because they attended more to the visual information during the 
process of tracing. So, whether kinaesthestic information or increased attention 
enhances reading is not consolidated. 
GMC THROUGH LEFT & RIGHT HANDS 
Another issue concerning the use of GMC in recognizing characters is 
whether it works equally through both hands inputs. The ability may be subserved 
specifically by the feedback from the hand with which one writes. This is a 
plausible hypothesis because (i) only the writing hand provides kinaesthetic 
feedback during writing (and coding) and thus, the codes may be most directly 
linked to the right hand for right-handed writers; (ii) they practice in manifesting 
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retrieved codes for writing through the right hand; and (iii) the proposed 
graphomotoric codes are language codes and most probably, they are represented 
in the language dominant hemisphere, i.e., the left hemispheres for most right-
handed writers (Corballis and Beak, 1976). Overall, there are grounds to say that 
coding through typically right hand tracing can give kinesthetic feedback to the 
left hemisphere directly. That is, for the right hand access to the stored codes 
avoids interhemispheric transmission. 
Revealing a left-right discrepancy would be important because some right-
handed patients with right side paresis can only trace characters using their left 
hands. Accordingly, one needs to see from normals whether GMC through the 
left hand is, in principle, a means enhances their reading. 
Moreover, if the assumption that graphomotoric codes are langauge codes 
holds, the finger-tracing characters technique can be a means to examine the 
lateralization of language. This further means would augment the dichotic 
listening and tachistoscopic visual field tests. 
MIRROR-REVERSAL HYPOTHESES & LEFT HAND CODING 
Left-hand tracing is emphasized here. Noble (1968) found that monkeys 
showed lateral mirror-image confusion while identifying shapes through tactile 
feedback from their hands which had not been employed during training. Finger-
tracing without visual feedback provides tactile and kinaesthetic feedback which 
is similar to that explored by Noble (1968). This raises the question: Will there be 
mirror-image confusions when a right-handed writer traces characters with his 
left hand. Conversely, will he recognize mirror-reversed characters better than 
normal ones by means of left hand coding? 
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Mirror-reversed reading, writing and/or movement in dominant hand 
hemiparesis adults (Heilman et al, 1980; Wang, 1986a, 1986b; Wang and Cai, 
1986; Rodriguez et al, 1989) and a child (Woods and Teuber, 1978) as well as in 
normal children between three to eight (Reid and Hresko, 1981; Heydorn, 1984, 
1985; Cornell, 1985; Temple, et al, 1988; Wan and Cai, 1989) have been widely 
reviewed. Various hypotheses on mirror-reversed reading, writing and movement 
have been proposed (Woods and Teuber, 1978; Heilman, et al, 1980; TanMe and 
Heilman, 1982, 1983; Brawshaw, et al, 1985; Casey, 1986; Wang, 1986; 
Rodriguez et al, 1989; Vaid and Stiles-Davis, 1989; Wang and Cai, 1989). Here, 
the three most well supportive hypotheses are discussed: 
(i) The motor hypothesis suggests that in learning a skilled movement, one 
learns to contract and relax specific muscle groups either simultaneously 
or sequentially. When using the nonpreferred hand, these muscular 
patterns need some spatial reversals to be effective. 
(ii) The natural movements hypothesis proposes that people prefer abductive 
centrifugal movements to adductive one. Hence, when using the left hand, 
there is a tendency to start from the right and proceed to the left. Thus, the 
movement is mirror-reversed with respect to the right hand. 
(iii) The cerebral dominance hypothesis holds that visual images in either 
hemisphere are mirror images of those in the other, and that those of the 
left hemisphere override those of the right hemisphere in normal adults. 
Mirror-reversed writing or reading is then due to inadequate left 
hemispheric suppression because of cerebral immaturity in normal and 
developmental dyslexic children, or brain damage in acquired dyslexic 
patients. 
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To see whether mirror-reversed characters which are coded through left 
hand can be recognized better than normal characters becomes important. It is 
because mirror-reversal transformation of characters may be useful to enhance 
reading using GMC through left hand. 
PURPOSE OF THE PRESENT STUDY 
The present study aims to (i) evaluate the normal right handers' ability to 
recognize Chinese characters using GMC exclusively; (ii) see whether there is 
any superiority in using GMC through the writing hand; (iii) elucidate the 
influence of the proposed mirror-reversal hypotheses on left-hand coding. 
METHOD 
Subjects 
The subjects were eighty male F.3 Wah Yan College Kowloon students, 
aged between fourteen to eighteen (mean age = 14.48, SD = ±0.689), who 
volunteered to participate. Eighty subjects were randomly assigned to one of the 
following groups: (i) identifying normal characters by right-hand tracing (N-R); 
(ii) identifying normal characters by left-hand tracing (N-L); (iii) identifying 
mirror-reversed characters by right-hand tracing (M-R); and (iv) identifying 
mirror-reversed characters by left-hand tracing (M-L). 
Prior to the experiment, the subjects were asked whether they used right 
or left hand to write, draw and hold chopsticks. All the subjects selected were 
considered to be right-handed on these criteria. No ambidextrous nor left-handed 
subjects took part. 
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Materials and Apparatus 
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Ninety-six Chinese characters were selected from Nursery Education -
Syllabus for Language Teaching (Ho et al, 1987). These are taught to children 
between the age of four and six in kindergartens. They reasonably represent 
common Chinese characters with the consideration of word frequency, number of 
strokes (range: 3 - 1 8 , mean = 8.875, SD = ±3.577) and developmental 
acquisition (Ho et al, 1987). Practice trials employed three simpler characters 
from the same source but taught to children aged three or four (fig. 1). 
n m m it « m, £ m 
m >k m mm m s m 
t I f K I * ft I 
& # $$ m ~% ® * ft £*&BfBfc«:*fft#l 
M M M , i s$ J£ m is-
P9 W # * * ffi 76 * 
(41 A T) 
Figure 1. Ninety-nine characters used in the experiment. The three 
bracketed characters are used in the practice trials. Each haracter was printed by the ETen Chinese system (48 x 48 Ming 
fonts) with a HP laser printer set at 300 dots per inch. Its output was magnified 
Chinese characters were used because (i) a prominent role of GMC scheme is expected 
in Chinese; and (ii) the spatial layout of the Chinese language should be useful for 
examining mirror-reversal hypotheses (Wang, 1989). 
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2.1 times on photocopier. The mirror-reversed characters were produced by 
photocopying the back of transparencies with normal characters printed on the 
other side. The size of each character is identical (5.5cm x 5.5 cm) (fig. 2). 
(a) (b) 
Figure 2. A normal (a) and a mirror-reversed (b) character used in the experiment. 
Procedure 
The experiment was conducted in a quiet classroom or a meeting room. 
Each subject sat blindfolded in normal writing posture and the experimenter stood 
behind. The subject was asked to put the index finger on the table as if finger-
writing. Then, the experimenter held his hand and led his finger to trace a 
character printed on a paper (fig.3). 
Figure 3. The experimenter held the blindfloded subject's hand to trace 
a printed characters. 
The hand used, right or left, and the type of characters traced, normal or 
mirror-reversed, depended on the group the subject belonged to. The stroke 
sequences were the same as those in normal writing (c.f. fig. 2). 
The experimenter asked the subject what character he had traced after 
each complete trace and his response was recorded immediately. There was no 
time limit between the end of tracing and response. Three practice trials were 
administered to establish the desired tracing behaviour. Then, twenty characters, 
randomly selected from the remaining ninety-six were presented. 
After the experiment, each subject reported what strategies he used and 
what he was thinking during the experiment The subject, except those who 
participated in the test-retest measurement (see the next paragraph), was 
requested to read aloud all the twenty tested characters which were presented in 
normal visual prints to ensure that no failure was due to unfamiliarity of the 
characters. 
Two subjects in each group were randomly selected and invited to do test-
retest measurement - they used the same hand to trace the same twenty characters 
as in the first trial. The experimenter recorded the number of correctly recognized 
characters. Afterwards, they were requested to read aloud the twenty tested 
characters as mentioned above. 
RESULTS 
Table 1 summarizes the number of correctly recognized Chinese 
characters using graphomotoric coding in each group. 
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Table 1. Recognition of Chinese characters using graphomotor'^ coding exclusively. 
Range of score (0-20) 
Mean score 
Standard deviation 
Norma! characters 
R-hand L-hand 
2-17 5-15 
10.6 0 8.80 
±4.42 ±3.33 
Mirror-reversed characters 
R-hand 
0-16 
7.25 
±4.71 
L-hand 
2-20 
6.30 
±4.41 
Before attempting an analysis of variance, raw score distributions in each 
group were tested for normality (Maxwell and Delaney, 1990). The result reveals 
that the scores in all groups are normally distributed: N-R group (%2 =3.29, 
p>0.025); N-L group (%23 =4.80, p>QM5); M-R group (x23=5.93,p>0.025); and 
M-L group (%23=9.03,Jp>0.025). 
The scores were then analyzed by a two-factor (characters traced x hand 
used) between-subject design analysis of variance. Each factor has two levels: 
normal vs. mirror-reversed and right vs left respectively. The results of 
theANOVA are summarized in table 2. 
Table 2. Results of the analysis of variance 
SS df MS f p 
Characters presented 
Hand used 
Interaction 
Error (within cells) 
Totals 
195.31 
32.51 
2.81 
1319.85 
1550.49 
1 
1 
1 
76 
79 
195.31 
32.5 1 
2.81 
17.37 
11.25 
1.87 
0.16 
< 0.00 1 
0.175 
0.689 
The analysis revealed a significant main effect on characters traced: 
normal characters were identified better than mirror-reversed characters 
(F1>76=11.25, p<0.05). No significant main effect appears for hand used 
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(^1,76=L87» p>0.05) and no significant interaction (F1>7<5=0.16, p>0.05) is found. 
Figure 4 illustrates these findings. 
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CHARACTERS PRESENTED 
Figure 4. Recognition of normal and mirror-reversed characters using GMC for subjects in 
the right-hand and left-hand group. 
The strategies reported by the subjects are summarized in Table 3: 
Table 3. Strategies2 reported to be used during character recognition. 
No/trrelavent answer 
Formed Imagery 
Followed stroke sequence 
Identified shapes/radical 
The other hand traced 
simultaneously 
Reversed stoke by stroke 
Reversed whole word 
Automatically recognized 
Normal Characters 
R-hand 
3 
14 
7 
2 
0 
N/A 
N/A 
1 
L-hand 
4 
10 
6 
2 
3 
N/A 
N/A 
1 
Mirror-reversed Characters 
R-hand L-hand 
5 
12 
3 
0 
0 
3 
4 
1 
5 
9 
6 
0 
2 
4 
0 
1 
The significance of imagery as a strategy used was examined by binomial 
testing (Siegel, 1956). This reveals that the subjects used imagery are more than 
l l 
those who did not use it in the two right-hand groups (N-R: /MX0064 <0.05; M-
R: p=0.018 <0.05) but no difference is found in the left-hand groups (N-L: 
p=0.227 >0.05; M-L: p=G3036 >0.05). 
The erroneous responses were categorized into four types similar to those 
in Kawamura et al (1989): (i) no response; (ii) partial identification, in which a 
portion of correct character is identified; (iii) partial substitution, in which the 
response and the probe share common radical(s); and (iv) others. This is 
illustrated in table 4. 
Table 4. Classification of erroneous responses 
Error Types 
No response 
Partial identificaton 
Partial substitution 
Others 
The distributions of erroneous responses are summarized in table 5. 
Table 5. Pattern of erroneous responses in different groups 
Normal Characters Mirror-reversed Characters 
R-hand L-hand R-hand L-hand 
No response 105 131 
Partial identification 16 22 
Partial substitution 27 22 
Others 37 43 
The similarities of erroneous patterns among the four groups were 
2 
evaluated by nonparametric contingency table design % testing (Siegel, 1956). 
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Targets Responses Remarks 
9 "i dont know.* 
A|§ ? J ! "There is a 'horse' 
radical* 
g | | Bff1 "Character fine 
weather1* 
]8L 7&C 'Character 'come'* 
166 
23 
15 
51 
169 
29 
23 
52 
The result reveals that there is no difference in the erroneous patterns among four 
groups (%23 =11.17, p>0.1, two-tailed). 
Test-retest reliability was analyzed by paired-t testing (Maxwell and 
Delaney, 1990) and it shows that the measured ability to recognize Chinese 
characters using GMC exclusively is reliable (t7 =1.89, p>0.05, two-tailed). 
DISCUSSION 
Verification of GMC 
The subjects recognized an average of 50% normal characters (ten out of 
twenty) whichever hands they used. This result illustrates that normal subjects 
without training in advance could recognize Chinese characters by means of sole 
kinaesthetic feedback, without the aid of visual input The similarity of error 
patterns among different groups supports that all subjects, whichever group they 
came from, underwent a similar mental operation in recognizing 
Chinesecharacters using GMC. Such operation is independent of hand used and 
characters traced. In conclusion, the experimental results support that there is a 
graphomotoric coding schema for reading Chinese characters. 
It must be emphasized that in this study, the subjects1 fingers were 
physically led and moved passively. Thus, the kinaesthetic information obtained 
from passive writing might be distorted compared with that from active writing. 
It is believed that if one finger-traces actively, the kinaesthetic feedback will be 
more congruent to the graphomotoric codes stored in the motor writing schema 
and so one can recognize characters better. However, active finger-tracing is 
impossible in this study because active tracing, which is similar to writing, 
requires visual feedback regulation (Thomassen and Teulings, 1983; Temple et al, 
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1988) and the subjects should identify all the characters using sole visual 
information.. Raised patterns may be a way to allow active tracing a continuous 
line drawing. However, Chinese characters are rarely written in a single stroke. 
The continuation of tracing from the end of one stroke to the next one still needs 
visual feedback regularity or others leading. Therefore, no active tracing for 
character recognition seems possible in experiments employing normal subjects. 
However, designs like the visual glue experiment described by Tzeng et al (1986) 
are plausible because the alexic subjects not capable to recognize characters by 
visual information alone. 
In addition, Foley et al (1987) stated that the relative amount of 
information from kinaesthetic feedback will be greater when tracing drawings 
with a pen than with a finger. Thus, it is suspected that one would recognize 
characters better by tracing with a pen. 
GMC ability is independent of hand used 
The finding that left-hand coding does not differ from right-hand coding 
in recognizing Chinese characters does not agree with the prediction. This result 
cannot be a manifestation of ceiling effect because the subjects' scores are 
normally distributed. This finding shows that GMC is not restricted to the hand 
typically used for writing. Moreover, the coding ability is not subserved 
specifically by the feedback from the hand with which one writes. It supports that 
motor writing schema is not effectors defined (Thomassen and Teulings, 1983), 
i.e., the code for writing a character is not a template of motor memory, which 
restricts to the movement of specific muscles. Babcock and Freyd (1988) also 
found that normal subjects are able to perceive dynamic information, such as the 
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writing direction of the component parts, in static handwritten form, basing upon 
2 
their knowledge of writing . That is, the perception of dynamic information 
happens without any haptic feedback. Accordingly, GMC should be a high order 
function, which involves cognitive and linguistic analyses of the kinaesthetic 
information. 
GMC involves language function. Logically, coding through right hand , 
the information accesses left hemisphere directly, should show an advantage. 
Why is there no difference in performance between left-hand and right-hand 
tracing? 
Hemispheric lateralization of Chinese 
One possible explanation is that Chinese is bilaterally represented in both 
hemispheres. As Chinese orthography is ideographic3 (Harris and Coltheart, 
1988) and owing to the visuospatial characteristics of written Chinese, the right 
hemisphere may bound to be involved in its perception (Gao, 1984; Hasuike et al, 
1986). This was supported by the left visual field / right hemisphere advantage in 
recognizing single Chinese characters (Tzeng et al, 1979; Leong et al, 1985; 
Hasuike et al, 1986; Cheng and Yang, 1989) and two-character words (Keung and 
Hoosain, 1989). These studies are in concord with Hatta's (1983) finding about 
left visual field advantage in recognizing Kanji. Clinical evidences also support 
the language bilateralization claim. Hu et al (1990) revealed a higher incidence of 
2 Chinese characters are compactly structured, with strokes written in regular order. 
Rules governing the arrangement of each component and stoke sequences are taught to 
nearly every beginning writers in schools (Hoosain, 1991). 
3 
It is more appropriate to say that Chinese system is morpheme-syllable (De Francis, 
1990; Hoosain, 1991). 
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crossed aphasia among the stroke patients of the Han (the largest ethnic group in 
China) than those of the Uighur-Kazaks in China. He proposed that language 
function of the Hans (with respect to modern standard Chinese) is localized in the 
right or both hemispheres. Besides, bilingualism may have biased the 
experimental result of the present study. All the subjects selected are bilingual -
they learn and use Chinese and English in school. It is probable that language 
function was more diffusely represented in their brain (Han and Foo, 1983; April 
and Han, 1980). 
The view of lateralization of language function in Chinese is 
controversial. Visual field superiority might demonstrate different functional load 
at different stages in the recognition process of characters/words (Pirozzolo and 
Rayner, 1977; Leong et al, 1985; Schwartz and Montagner, 1987; Crossman, 
1988; Bub, 1988; Cheng and Yang, 1989; Rastatter et al, 1989). Moreover, 
clinical study was restricted. April and Han (1980) reported that there was no 
trend towards increased crossed aphasia in Chinese in the New York Hospitals or 
in the National Taiwan University Hospital. 
All in all, whether the lack of difference between GMC by left and right 
hand tracing can be attributed to language lateralization is debatable. 
Functional specificity of the right and left hemispheres 
The left-right similarity could also be interpreted as reflecting the 
function-specific property of the two hemispheres. Recognizing Chinese 
characters using GMC is a complicated process which plausibly consists of the 
following stages: (i) kinaesthetic information encoding; (ii) analysis of temporal 
and spatial sequences of strokes; (iii) construction of the configurational relations 
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among component parts; (iv) lexical decision; (v) phonological representation of 
the lexicon; and (vi) phonetic realization of the target lexicon. According to 
Rastater et al (1989), the right hemisphere would have an advantage on preaccess 
lexical-decision stages, while the left hemisphere shows more participation in the 
later stages. Schweiger and Zaidel (1989) emphasized that the functions to 
pronounce a word should be controlled by the left hemisphere. It is plausible that 
the information from left-hand tracing are better analyzed spatially but not on the 
linguistic aspect (Brown, 1983) while that from right-hand tracing are just the 
opposite (Ardila and Ostrosky-Soils, 1984). As a result, the difference between 
coding through right hand and left hand is insignificant. This explanation is 
supported by the subjects' prominent reliance of imagery for spatial construction 
in both right-hand groups but not those in the left-hand groups. 
In conclusion, neither hand shows superiority because both hemispheres 
contributed comparably in recognizing characters, Le. a "balance effect" due to 
similar functional load in both hemispheres in processing character recognition. 
Erroneous assumption in the experimental design 
The claim of measurable hemispheric advantage is based on such 
assumption: 
Interhemispheric transfer has a detrimental effect on the quality of 
information from finger-tracing which consequently produces a loss of accuracy 
of the information for later analysis. For example, when information from left-
hand tracing is transferred from the right hemisphere, where the information 
accessed directly, to the left hemisphere, it will not be as accurate as it before 
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transfer. Accordingly, erroneous recognition will be resulted in analyzing such 
less accurate information. 
However, no evidence has yet indicated that signal degradation occurs 
through interhemispheric communication (Bub and Lewine, 1988). Thus, the 
information from finger-tracing can transfer between hemispheres for different 
functional analyses without degradation of quality. As a result, the character 
recognition ability measured is independent of which hemisphere the information 
accesses at the beginning. 
Verification of the claims 
In order to justify the argument of language dominance in normal Chinese 
right-handed writers, an extension of the current study is suggested. The first 
study is to compare the performance between non-language pattern recognition 
by left- and right-hand tracing. The subjects should draw the pattern instead of 
describe it after tracing to minimize language contribution during verbal 
response. According to the right hemisphere superiority in spatial analysis, the 
subjects would show a left-hand / right-hemispheric advantage. In contrast, if 
there is no difference in the performance between left- and right-hand tracing, it 
will be more confident to reject the assumption of "balance effect". Another 
possible design is to evaluate native English speaking monolinguals1 ability of 
recognizing English letters/words using GMC. According to the assumption that 
these subjects' language are considered to be left hemisphere dominant, they 
would show a significant right hand advantage. If the right hand tracing group 
does as well as the left-hand one, the "balance effect" hypothesis will be assured 
as the possibility of bihemispheric representation of language is minimized. In 
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these two proposed experiments, control of response time is suggested in order to 
maximize the measurable difference. 
Mirror-reversed characters are more difficult to recognize 
The significant difference between recognition of mirror-reversed 
characters and normal characters is obvious. Mclelland (1976) stated that word 
perception is better understood by a form of interactive processing in which a 
bottom-up process and a top-down process are combined to determine the most 
likely interpretation of input. Encoding a mirror-reversed character, which is 
different from the normal lexicon stored, will not activate the top-down process, 
and thus the mirror-reverse characters are more difficult to recognize than the 
corresponding normal one. Moreover, consecutive mental rotation of strokes, 
rotation of the whole mirrorly encoded character, which are strategies reported in 
the mirror-reversed characters groups (c.f. table 5.) or rotation of the target 
mental lexicon may bring additional cognitive load (Casey, 1986). An incomplete 
rotation would also cause error (Paquet, 1991). 
Refutation of mirror-reversal hypotheses 
None of the mirror-reversal hypotheses is supported by this study. With 
respect to the motor hypothesis, left hand should activate spatially reversed 
muscular patterns. Thus, the ability of recognizing mirror-reversed characters by 
left-hand coding should be comparable to that of recognizing normal characters 
by right- hand coding. However, this prediction is not revealed in this study. 
Besides, the findings do not support the natural movement hypothesis. 
According to this hypothesis, unnatural movements distort the kinaesthetic 
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feedback from finger-tracing. However, the subjects in the N-L group, whose 
hands moved adductively, recognized more characters than those in the M-L 
group, whose hand moved abductively. Those in the M-R group, whose hands 
moved abductively, recognized statistically the same amount of characters as 
those in the M-L group, whose hand moved abductively. 
The result also raises queries whether there are any mirror engrams stored 
in the right hemisphere, as proposed in the cerebral dominance hypothesis. The 
information from left-hand tracing accesses to the right hemisphere directly. 
However, there is no advantage for recognizing characters by left-hand coding. In 
addition, there is only one subject in each of the mirror-reversed characters group 
(M-R and M-L) reported automatic recognition. 
In conclusion, none of the mirror-reversal hypotheses is verified by this 
study. 
CLINICAL APPLICATION 
The experimental results show that a person could recognize characters by 
passive finger-tracing without visual input. Hence, kinaesthesia is a plausible 
modality for lexical access. It is concluded that better character recognition by 
means of finger-tracing in alexic patients or normal people is not only simply 
attributed to better attention (Reid and Hresko, 1981) but also to an 
supplementary modality which assists lexical access. Thus, it is credible to 
incorporate GMC in language rehabilitation. 
Limited access of visual stimuli to the corresponding visual lexicon would 
cause dyslexia (Ellis and Young, 1986; Harris and Coltheart, 1988). Active 
finger-tracing and pen-tracing would activate the graphomotoric codes of the 
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traced characters and thus, provides an alternate pathway for lexical access. In 
fact, finger-tracing has been used in the remedy of developmental dyslexic 
children (Reid and Hresko, 1981). For acquired dyslexia, finger-tracing is also 
recommended. Although in some cases, one's hand typically used for writing is 
paralyzed, he can still use the other hand to trace characters and his ability of 
recognizing characters would not be hindered. 
Finger-tracing may also assist aphasic patients to communicate. Finger-
tracing the visual lexicon (if the patient can generate the imagery but cannot say it 
aloud) may enrich the signal in the phonological assembly and the subsequent 
levels (Lesser, 1987; Ellis and Young, 1988). As a result, the patient may 
overcome his naming difficulty. Moreover, finger-writing the script in the air 
provides dynamic information of the character for the communication partner to 
analyze and recognize the character — a condition similar to sign language 
communication. In fact, some Chinese Sign Language (CSL) inventories are 
borrowed from Chinese scripts through representing the actual movement of 
writing them in the air (Fok et al, 1988) (fig.5). 
(a) (b) 
Figure 5. The Chinese Sign Language (CSL) word "thousand" is 
realized by finger write the script in the air (a) and the perceiver 
will recognize it in a mirror-reversed fashion* t»» 
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Thus, finger-writing in the air can be considered as an augmentative 
communicative strategy. 
LIMITATIONS OF THE STUDY 
There are limitations in this study. Its results only reflect the effectiveness 
of GMC in the recognition of Chinese characters in normal right-handed F.3 
4 
boys. The variations across age , sex, and one very important factor, handedness 
were not assessed. According to the previous studies, the lateralization of 
language function in left-handed people are suspected to be different from that of 
right-handed ones. The former group has a higher chance of developmental and 
acquired mirror-reversed reading and writing. Whether similar finding can be 
replicated on left-handed people needs experimental evidence. 
In addition, the number of strokes of the Chinese characters used in this 
experiment was neither controlled nor matched across groups. Huang (1984) 
reviewed several studies and found that orthographs with fewer than ten strokes 
are better recognized than those with more strokes. Therefore, the wide range of 
number of strokes in the present study might have biased the result. 
Furthermore, the proposed clinical application is based on the findings of 
subjects with normal brain functioning. More clinical studies are needed in order 
to evaluate the practicability of graphomotoric coding in language rehabilitation. 
Kinaesthetic and motor control for writing are relatively well preserved in healthy older 
adults (Lovelace and Aikens, 1990). 
CONCLUSION 
A finger-tracing experiment is reported here suggesting that sole 
kinaesthetic information, without any visual input, allows one to recognize ten 
out of twenty Chinese characters taught between four and six. The results assure 
that graphomotoric coding (GMC) exists in reading Chinese and kinesthesia can 
act as an alternate lexical access pathway. 
No difference in character recognition ability using GMC through right 
and left hand is found. This result might be attributed to (i) hemispheric 
lateralization of Chinese; (ii) a "balance effect" of hemispheric functioning; 
and/or (iii) erroneous assumption in the experimental design. Extensions of the 
current study are recommended to verify these claims. Mirror-reversed characters 
are found to be more difficult to recognize using GMC and none of the proposed 
mirror-reversal hypotheses is supported. 
Clinical application of finger-tracing technique for language rehabilitation 
of alexic and aphasic patients is considered. 
There are still many limitations in the present study. The limited 
generalization of the result to different age, sex, handed subjects raises the need 
of further research. In addition, the practicability of applying finger-tracing 
technique to alexic and aphasic patients requires further verification. 
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